The motor and non-motor deficits of Parkinson's disease (PD) can cause daily challenges and have been associated with reduced health-related quality of life (HrQoL). A number of variables have been consistently, though not unequivocally, identified as important in influencing overall HrQoL in individuals with PD, such as demographic factors, cognitive decline, and level of motor impairment. However, the presence and severity of dysarthria is often overlooked, despite the potentially adverse influence on HrQoL. The primary purpose of this study was to understand the predictors of HrQoL, as well as self-perceived communication participation, in individuals with PD who have dysarthria.
Introduction
Parkinson's Disease (PD) affects more than 8 million known (but see McAuliffe, et al. [30] for a study using self-report measures).
In sum, a number of variables have been consistently identified as having an important influence on HrQoL in individuals with PD, including demographic/clinical factors, motor symptom severity, and decreased cognitive function. However, the prevalent and impactful variable of dysarthria has yet to be considered in studies of HrQoL in PD. Thus, this study aims to examine the determinant ability of four sets of variables-demographic/clinical, motor impairment, cognitive functioning, and speech impairment-on HrQoL and communication participation in individuals with PD. The relative influence of dysarthria is important to understand when educating people with PD and being proactive in terms of management, that is, anticipating disease sequelae that are more likely to lead to decreased quality of life or decreased communicative participation. It was predicted that speech intelligibility would be a strong predictor of both HrQoL and communication participation in individuals with PD and dysarthria.
Methods
The study was approved by the Institutional Review Board at the University of Washington. Following informed consent, participants completed background demographic and disease-related questions.
Participants
Inclusion criteria were (1) Diagnosis of idiopathic PD by neurologist (per self-report), (2) Native speaker of American English, (3) Typical speech, language, and cognitive developmental history, and (4) Presence of dysarthria based on independent determination of perceptible characteristics of speech disruption by two investigators. Exclusion criteria included (1) History of Deep Brain Stimulation, (2) Diagnosis of secondary Parkinsonism, (3) Severe depression per Beck Depression Inventory II (BDI-II) score ≥ 29, (4) Neurologic compromise beyond PD (e.g., stroke, traumatic brain injury), (5) Alcohol or drug dependency, (6) Currently taking sedatives or tranquilizers, and (7) Vision or hearing inadequate to permit participation in the study.
A total of 27 individuals participated in this study. The age of participants ranged from 60 to 81 years (mean = 71.11, SD = 5.78), with more males (n = 18) than females. Duration of disease varied from 1 year to 20 years (mean = 9.06, SD = 4.82) and education ranged from 13 to 22 years (mean = 17.07, SD = 1.92).
Procedure
Participants completed an assessment of motor, cognitive and speech function, as well as a measure of HrQoL and communication participation.
Motor functioning: Following guidelines of The In-pression [14] . Deficits in executive functions, in particular, have been linked to increased difficulty completing instrumental ADLs, such as driving, cooking a meal, effectively administering medications, and handling personal finances [15] [16] [17] .
Measures of health-related quality of life (HrQoL) have frequently been used to capture areas of functioning that can be affected when living with chronic illness [18] . HrQoL is considered a multi-dimensional metric that emphasizes the impact of health status, and includes various domains, such as physical, mental, emotional, and social health. A number of variables have been consistently -although not unequivocally -identified as important in influencing overall HrQoL in individuals with PD [19] . These variables most often include demographic characteristics such as age [20, 21] , stage of illness [22] , movement symptom severity and type [5, 23] , and decreased cognitive function [10, 17, 24] .
In studies of HrQoL, participants with PD are often well characterized in terms of general motor and cognitive function; however, the presence/severity of dysarthria is often overlooked. As dysarthria occurs in the majority of people with PD (70-90%; Sapir, 2014) [25] , and can lead to significant functional limitations [26] , its inclusion in studies of HrQoL is warranted. Hypokinetic dysarthria from PD can cause impairments across respiration, phonation, articulation and prosody. Dysarthria is regarded as the greatest challenge facing 10-30% of people with PD [27, 28] . These speech changes can lead to decreased motivation to communicate [14] as well as decreased conveyance of emotions via speech [29] . Additionally, hypokinetic dysarthria frequently results in decreased speech intelligibility. More than 50% of people with PD will present with reduced speech intelligibility over the course of the disease [28] ; this change to intelligibility has been shown to negatively impact communication participation [30] [31] [32] . Moreover, unlike the other motor deficits of PD, dysarthria is more apt to lead to changed relationships and a loss of connection with family and friends [33] .
The primary purpose of this preliminary study was to understand the predictors of HrQoL in individuals with PD who have dysarthria. The determinant ability of four sets of predictor variables were considered: Demographic/clinical variables, motor functioning, cognitive ability, and speech impairment. Given the presence of dysarthria in the participants, we were additionally interested in whether the same predictor variables would influence communication participation as a secondary goal. Communicative participation is defined as "taking part in life situations in which knowledge, information, ideas or feelings are exchanged" [34, 35] . It reflects how a condition, such as PD, interferes with a wide range of daily communication activities [34] . At present, the determinant ability of the aforementioned predictor variables on communication participation is largely un-son's Disease , which is a disease-specific measure used to identify an individual's overall health-related quality of life (HrQoL; Jenkinson, et al.) [45] . The PDQ-8 was developed as a shorter version of the Parkinson's Disease Questionnaire-39 (PDQ-39; Jenkinson, Fitzpatrick, Peto, Greenhall, & Hyman) [46] . Each of the eight questions on the PDQ-8 correlate with an overall domain represented on the PDQ-39 (e.g., mobility, cognition), and the short-form has been confirmed as a reliable and valid measure of HrQoL in PD [45, 47] . The Communicative Participation Item Bank (CPIB) was used to describe the interference of PD with an individual's communication participation [34] . The CPIB evaluates how a condition, such as PD, interferes with a wide range of daily speech communication activities, using a four point scale [34] . Participants were asked to consider how changes to their speech affected their day-to-day participation in communicative situations.
Statistical analyses:
Single and multiple linear regression models were used to determine the role of motor function, speech intelligibility and cognitive performance as predictors of HrQoL and communicative participation. Regression models were run with and without the demographic/clinical variables of age, sex, years of education, disease duration, and depression scores per the BDI-II. An alpha level of 0.05 was used. Correlations (Pearsons r: two-tailed) were used to assess the degree of relationship between each potential determinant -demographic/clinical, cognitive, motor and speech variables with health-related HrQoL and communication participation.
Results

Reliability
Inter-rater reliability for identifying speech runs for 15% of the monologues was determined to be 97.8%.
Motor, speech, and cognitive measures
Measures of motor function, speech intelligibility and cognitive abilities, averaged across participants, are shown in Table 1 . There was a broad range of motor severity as measured by the UPDRS and Hoehn and Yahr scales [48] , with participants ranging from mild, unilateral motor signs to marked, bilateral motor signs. Average speech intelligibility was high for both the SIT (mean 96% transcription accuracy) and monologue (mean 94% transcription accuracy). Cognitive function, as measured by the MoCA, was distributed across severity levels, ranging from normal functioning (score of 30) to cognitive impairment (score of 16). Average performance fell in range of mild cognitive impairment.
Predictors of Health Related Quality of Life (HrQoL)
Linear regression analyses were conducted to in-ternational Parkinson and Movement Disorder Society (MDS), two researchers were trained in the use of the MDS-Unified Parkinson's Disease Rating Scale (UPDRS), Motor Examination (Part III; Goetz, et al.) [36] . Motor symptoms were characterized via 13 Motor Examination scores and 3 self-report scores from Part II, Motor Aspects of Experiences of Daily Living. Total motor score was calculated as the mean of the following 16 motor sections. Overall motor functioning was also assessed using the modified Hoehn and Yahr scale [37] . Speech functioning: Speech was recorded using a high-quality, head-mounted microphone (AKG C520) with a constant mouth-to-microphone distance of two inches. The microphone was connected to a portable digital speech recorder (Zoom H6, GU-ZOOMH6). All speech samples were recorded in a quiet environment with low ambient noise.
Two tasks were used to elicit speech samples. For a quantifiable index of each speaker's sentence-level intelligibility, the computerized version of the Speech Intelligibility Test (SIT; Yorkston, Beukelman, & Hakel) [38] was administered. This task included 11 randomized, computer-generated sentences of 5 to 15 words in length. The SIT was scored following the Yorkston, et al. [38] protocol. In addition, a monologue was elicited during a description task, where participants were asked to talk about their job, their family or a memorable vacation for approximately 60 seconds. Samples were segmented into speech runs, which were operationally defined as a stretch of speech bounded by a silent period or pause between words of at least 200 milliseconds [39] . Each monologue was transcribed by a researcher to establish the 100-word speech run according to standard transcription criteria [8, [39] [40] [41] . For reliability purposes, an independent judge reassessed 15% of the monologues, to ensure criteria for speech runs were applied consistently with the initial coding.
The intelligibility of the 100-word speech samples from each personal narrative was subsequently scored via transcription by three independent listeners who were native English speakers without hearing loss. All speech samples were transcribed in a quiet environment with low ambient noise. Transcription accuracy was averaged across the listeners for a mean monologue intelligibility scores for each speaker with PD.
Cognitive functioning: The Montreal Cognitive Assessment (MoCA; Nasreddine, et al.) [42] was chosen as it has shown good sensitivity in identifying the specific cognitive deficits in PD [9, 43, 44] . The following MoCA scores align with established cognitive profiles: Cognitive impairment (overall score of ≤ 21), mild cognitive impairment (overall score of < 26), and normal cognitive function (overall score ≥ 26) [42] .
Health related quality of life and communication participation: HrQoL was measured using the Parkin-vestigate the relationship between HrQoL and motor functioning, speech functioning and cognitive functioning. Regression models were run with and without inclusion of the demographic/clinical variables of age, sex, years of education, disease duration, and depression scores (BDI-II).
Both measures of motor functioning, the UPDRS and Hoehn and Yahr scale, were found to be predictive of performance on the PDQ-8, but only when the demographic/clinical variables were not factored into the model. As shown in Table 2 , the UPDRS was a significant predictor of PDQ-8 performance (F(1.25) = 13.34, p < 0.1), with an R 2 of 0.32.A significant regression equation was also found using the Hoehn and Yahr scale as a predictor of PDQ-8 (F(1.25) = 7.04, p < 0.5), with an R 2 of 0.19. A Pearson product-moment correlation coefficient was computed to assess the nature of the relationship between the PDQ-8 and the two motor scales ( Table 3 ). There was a significant negative correlation between performance on the PDQ-8 and the UPDRS (r = -0.590, p < 0.1) as well as the Hoehn and Yahr scale (r = -0.469, p < 0.5). Thus, scores on the PDQ-8 suggesting worse HrQoL were significantly associated with more impaired motor presentation on both the UPDRS and Hoehn and Yahr measures.
Speech intelligibility as a predictor of HrQoL, with and without inclusion of demographic/clinical variables, is shown in Table 2 . Linear regression analyses revealed no significant relationships between HrQoL and speech intelligibility measures. Pearson correlations between intelligibility measures and HrQoL were not significant ( Table 3) .
With the MoCA, a significant regression equation was found (F(6.20) = 2.72, p < 0.5), with an adjusted R 2 of 0.28. However, the MoCA was only a significant predictor of PDQ-8 performance when combined with the demographic/clinical variables ( Table 2 ). In that model, both the MoCA (p = 0.09) and age (p = 0.04) uniquely accounted for variance in the PDQ-8. The MoCA by itself, without the demographic variables, was not a significant predictor (p = 0.11). Pearson correlations between the MoCA and HrQoL were not significant ( Table 3 ).
Predicting communication participation
Linear regression analyses were conducted to investigate the relationship between communicative participation (per the CPIB) and motor functioning, speech functioning and cognitive functioning. Regression models were run with and without the demographic/clinical variables of age, sex, years of education, disease duration, and depression scores (BDI-II).
The role of motor characteristics as a predictor of communicative participation, with and without the demographic/clinical variables, is shown in Table 4 . Linear regression analyses revealed no significant re- However, the speech domain was also included as it has been largely neglected when considering predictors of HrQoL, despite the prevalence and challenge of dysarthria in people with PD. A measure of communicative participation was also included to expand the breadth of measures of self-perceived well-being, particularly given the presence of dysarthria in our sample. HrQoL was significantly predicted by the severity of motor symptoms and, to a lesser extent, cognitive functioning, whereas communicative participation was only predicted by monologue intelligibility.
Both movement disorder metrics were found to be predictors of HrQoL per the PDQ-8; speech intelligibility was not predictive of HrQoL despite the presence of dysarthria in the sample. The PDQ-8 measures HrQoL across eight domains of health and illness, including mobility, cognition, emotional well-being, communication and bodily discomfort. However, a relatively larger percentage of items are related to motor functioning (e.g., getting around in public, dressing, painful muscle cramps) and could have influenced the findings. That said, our results are consistent with a wealth of literature suggesting the strong predictive influence of motor functioning on overall HrQoL [4, 5, 23] . Specifically, an elevated severity score on the UPDRS, consistent with more severe tremor, slowness, rigidity, etc., and higher scores on the Hoehn and Yahr scale, associated with more distributed and severe symptoms of PD, were associated with reduced HrQoL.
In addition to measures of motor functioning, the MoCA was found to be a significant predictor of HrQoL, but only when combined with the variable of age. However, the MoCA did not significantly predict performance on the PDQ-8 when measured alone, indicating that a predictive relationship does not exist between the two without the influence of other factors. The MoCA is known to have pronounced age effects, particularly when considered with an individual's level of education [49, 50] . Thus, increased age, when coupled with poorer cognitive performance on the MoCA, may be associated with worsened HrQoL in individuals with Parkinson's disease.
Findings from this study revealed several predictive relationships when considering determinants of communicative participation as measured by the CPIB. Monologue intelligibility was observed to significantly predict performance on the CPIB, both with and without the demographic/clinical variables. Motor severity measures, the SIT, and cognitive variables were not found to be predictive of communicative participation as measured by the CPIB. Thus, decreased conversational intelligibility negatively impacts communicative participation while the SIT had no relationship with the CPIB. The divergence between these two measures of intelligibility was unexpected. It is possible that the SIT inflated the participants' intelligibility, due to the improved un-lationships between motor performance measures and communication participation. Pearson correlations between motor measures and communication participation were not significant ( Table 3) .
Speech intelligibility as a predictor of communicative participation is shown in Table 4 . Monologue intelligibility was found to be predictive of performance on the CPIB, both with (F(1.25) = 3.91, p < 0.001; R 2 = 0.40) and without (F(1.25) = 14.73, p < 0.001; R 2 = 0.35) inclusion of demographic/clinical variables. A Pearson product-moment correlation coefficient was computed to assess the nature of the relationship between the CPIB and the two measures of speech intelligibility (Table 3) . There was a significant correlation between monologue intelligibility and the CPIB (r = 0.609, p < 0.001). Thus, scores on the CPIB suggesting worse communicative participation were significantly associated with decreased monologue speech intelligibility. The correlation between the CPIB and SIT was not significant. Cognition (measured by the MoCA) as a predictor of communicative participation, with and without the demographic/clinical variables, is shown in Table 4 . Linear regression analyses revealed no determinant ability of communicative participation by the MoCA. Pearson correlations between the cognitive measure and communicative participation were not significant.
Discussion
The purpose of this preliminary study was to evaluate factors influencing HrQoL and, as a secondary goal, communicative participation in people with PD and dysarthria. Predictors reflecting the movement disorder domain, the cognitive domain, and general demographic/clinical variables were chosen based on research suggesting their relatively consistent influence on HrQoL. derstandability and naturalness that often occurs when individuals with PD are externally cued by a reading task [40, 51] . Therefore, clinicians (and researchers) should consider measurement of intelligibility via monologue whenever possible, as it appears to be the more sensitive clinical tool, particularly when attempting to anticipate impact to communication participation.
The predictive relationship between monologue intelligibility and communicative participation illustrates the pronounced impact of dysarthria on engagement in life activities. It is well documented that the communication changes associated with hypokinetic dysarthria cause individuals with PD to demonstrate a significant decrease in their self-perceived communication skills [14, 27, 28] , but the specific relationship between intelligibility and communicative participation has not been sufficiently studied [30, 31, 52] .
It is perhaps surprising that the MoCA was not predictive of communication participation as cognition is foundational to communication. That said, the MoCA may not have been sufficiently sensitive or comprehensive to fully assess the cognitive abilities of persons in this study [2, 42] . Previous research has noted that increasing the difficulty of certain items on the MoCA (e.g., orientation information) may increase its sensitivity for this population [2] .
Limitations and future directions
These conclusions should be viewed as preliminary given the small sample size and subsequent reduced ability to generalize to the larger population of people with PD. By extension, our findings may have been influenced by the milder severity of dysarthria in our sample, given that no speakers fell below 81% intelligibility. It is possible that speech intelligibility would have had a stronger influence on HrQoL if a broader range of severity was included. Our sample was, however, more diverse in terms of overall motor functioning (UPDRS 3-32; Hoehn and Yahr 1-4) and cognitive functioning (MoCA 16-30). Overall, these results indicate a combination of speech and motor deficits may be the best predictor of overall quality of life. Improved awareness and understanding of the relationship between changes to communicative participation and HrQoL will encourage a more complete and comprehensive approach to patient care [53, 54] .
